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M o le cu la r  an d  m o rp h o lo g ic a l d e v e lo p m e n t o f  th e  sh a rk  
h ea d  c a v ity
The v e r te b ra te  head  is considered  as an  evolutionary novelty. 
H o w ev er ,  th e  h e a d  m e s o d e r m  is r e g a r d e d  a d e r iv a t iv e  of 
an ter io r  somites in the ances tra l  chordate. Although, our  head  
m e s o d e r m  c o n s i s t s  of m e s e n c h y m a l  ce l ls ,  n o t  e p i th e l i a l  
se g m e n ts  like som ites, and  d esp i te  th e re  a re  lots  of r e p o r ts  
ab o u t  d if fe ren t  g ene  ex p re ss io n  p a t t e r n s  b e tw e e n  th e  h ea d  
m e s o d e r m  and  som ites ,  th is  h y p o th e s is  is w idely  a c c e p te d  
n o w a d a y s .  T he  r e a s o n  is t h a t  t h e  s h a r k  h e a d  m e s o d e r m  
c o n t a in s  t h r e e  p a i r  of e p i t h e l i a l  s e g m e n t s  c a l l e d  " h e a d  
cav it ies" ,  and  th e re  a re  def in i te  m orp h o lo g ic a l  s im ila r i t ie s  
b e t w e e n  t h e  h e a d  c a v i ty  a n d  s o m i te s .  T h e r e f o r e ,  m a n y  
com para tive  m orpho log is ts  th o u g h t  th a t  the  head  cavity and 
s o m i te s  w e r e  s e r i a l  h o m o lo g o u s .  Is t h e  h e a d  c a v i ty  th e  
rem ainder  of the  somite th a t  previously existed in the  head? In 
o rder  to address  this question, the  shark  head  cavity needs to 
be  observed.  Hence, we inves t iga te  w h e th e r  the  h ea d  cavity 
follows a somite like developm ental process  and analyze gene 
e x p r e s s i o n  p a t t e r n s ,  u s in g  c lo u d y  d o g f ish ,  S c y l io r h in u s  
to razam e .  We found th a t  th e  p rem a n d ib u la r  head  cavity was 
n o t  d e r iv e d  f ro m  p a r a x ia l  h e a d  m e s o d e r m ,  b u t  f ro m  th e  
p re c h o rd a l  p la te ,  and  th e  fo rm a tion  of th is  h ea d  cavity  was 
la te r  th a n  the  o th e r  two h ea d  cavities.  The m a n d ib u la r  head  
cavity was recognized in the  la teral sides of the  endoderm, and 
the  hyoid head  cavity was seen  in the  dorsal p a r t  of it. On the 
o ther  hand, all somites are originated from paraxial m esoderm  
from rostra l to caudal. We also analyzed expression pa t te rns  of 
th e  m usc le  d if fe ren t ia t io n  m a rk e r  genes.  We d e te c te d  Pax3 
expression in somites, but did not in head cavities, while, Pitx2 
expression was seen in head cavities. These results suggest tha t 
h e a d  c a v i t i e s  a r e  d i f f e r e n t  f ro m  s o m i te s  in  t e r m s  of th e  
developmental process and gene expression patterns.
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To e a t o r  n o t to  ea t: m e ch a n ism s  o f  ch em ica l d e te r re n c e  
in  fo o d  re je c tio n  in  th e  b lu e  crab , C a llin ec te s  sa p id u s
Feeding behavior in the blue crab  C allinectes sap idus  involves 
f ind ing  food, h a n d l in g  it  w ith  p e re io p o d s  and  m o u th p a r t s ,  
b i t in g ,  an d  sw a l lo w in g  sm a ll  p ie c e s .  T he  d e c is io n  to  e a t  
depends on the presence  of appetitive and d e te r ren t  chemicals 
in th e  food. W hen the  food is laced  with  chem ical d e te r re n ts  
{e.g., the  ink from the  mollusk A plysia  californica), one of the 
m ost obvious behavioral responses is a m arked  increase  in the 
handling time, which may be followed by ou tr igh t rejection  of 
the  food. As a first s tep  tow ard  unders tand ing  the  m echanism  
of deterrence, we investigated the localization and specificity of 
the  chem oreceptors  responsible for rejection using behavioral 
and  electrophysiological techniques.  Behavioral observations 
and ablation studies revealed  th a t  the  d e te r re n t  recep to rs  are 
not located in the  antennules, pereiopods, or maxillipeds. This 
is fu rthe r  supported  by electrophysiological evidence showing 
t h a t  a f ra c t io n  of A p ly s ia  ink  c o n ta in in g  ap lys iov io l in  and  
phycoerythrobilin, which are  feeding de terren ts ,  is not a good 
stimulus for maxilliped chem oreceptors .  Two lines of evidence 
lead  us to conclude th a t  the  c h e m o rec ep to rs  respons ib le  for 
re jection  are  located  inside the  c rabs '  digestive trac t.  First,  a 
piece of shrimp introduced inside a restra ined  crab 's mouth will 
be consumed unless it is laced with a deterrent,  in which case it 
is r e j e c te d  th r o u g h  o e s o p h a g e a l  d i la t io n  (i.e.,  o p en in g  the  
oesophagus and re trac ting  the  labrum  into the  cavity formed). 
S econd ,  a fee d in g  d e t e r r e n t  a p p l ied  by i ts e lf  to th e  m o u th  
evokes oesophagea l  dilation. We conclude th a t  d e te r re n c e  is 
m e d ia t e d  by r e c e p to r s  lo c a te d  in  th e  o e s o p h a g u s  an d  a re  
c u r r e n t l y  a t t e m p t i n g  t o  c h a r a c t e r i z e  t h e m  
e le c t ro p h y s io lo g ic a l ly .  F u n d e d  by N SF IO S -1 0 3 6 7 4 2  an d  
IOS-0614685.
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C ould h e lm in th s  d r iv e  g eo g ra p h ic  p a t te r n s  in  v e r te b ra te  
eco -im m  u nology?
Two nonexclusive hypotheses currently  dominate rese a rch  into 
the selective and mechanistic drivers of variation in ve r teb ra te  
im m u n e  d e f e n s e s :  1) c o s t ly  im m u n e  r e s p o n s e s  m u s t  b e  
traded-off with o ther  life history tra i ts  and 2) h igher  pa thogen  
ex p o s u re ,  a t  an  e v o lu t io n a ry  t im e sc a le ,  s e le c ts  fo r  h ig h e r  
im m une respons iveness .  We a rg u e  th a t  a th ird  nonexclusive 
hypothesis should be added to this list: cu rren t  infection status 
drives the  observed  diffe rences in im m unological defense. In 
particular, infection with helminth worms can suppress many of 
the  immune responses currently  m easured  in eco-immunology. 
Here we p resen t data  from song sparrows (M elospiza m elodía ) 
sh o w in g  n e g a t iv e  c o r r e la t io n s  b e t w e e n  w o rm  b u r d e n  and  
inflammatory immune responses, including sickness behaviors, 
f e v e r ,  a n d  p r o - in f l a m m a to r y  c y to k in e  a c t iv i ty ,  b e t w e e n  
p o p u la t io n s  an d  a c r o s s  in d iv id u a ls .  T h e s e  d i f f e r e n c e s  in 
im m une function  a re  also co n s is te n t  w ith  p red ic t ions  b ased  
upon life history, suggesting tha t  disentangling the contribution 
of these  various hypotheses will require  both  experimental and 
statistical methods to control for worm burdens.
2 .3  ALFARO, ME*; MARCROFT, TA; VAN WASSENBERGH, S; 
SLATER, GS; Univ. of California, Los Angeles, Univ. Antwerpen; 
michaelalfaro@ ucla.edu
E v o lu tio n a ry  d yn a m ic s  o f  th e  box fish  ca ra p a ce  II: 
fu n c tio n a l d iv e r s i ty
The carapace is thought to confer both mechanical defense and 
hy d ro d y n am ic  s tab i l i ty  to a ra c a n id  and  o s trac i id  boxfishes 
though little is known about the functional consequences of the 
conspicuous morphological diversity found within these  clades. 
To t e s t  w h e th e r  sh a p e  in f luences  c a ra p a c e  s t r e n g th  we use  
finite e lem ent analysis to sim ulate dorso-ventral biting forces 
on 25 three-dimensional models representing the morphological 
diversity of ex tan t  boxfishes. To assess  the  influence of shape 
on h y d r o d y n a m ic  p r o p e r t i e s ,  we u se  c o m p u ta t io n a l  f lu id  
dynamics to simulate flow around our models under  a range  of 
a n g le s  of a t ta c k .  D rag  c o e f f ic ie n ts  r a n g e d  b e tw e e n  0 .129  
(O s trac ion  cubicus)  and  0 .168  (A noplocapros  len t icu la r is ) .  
Frontal surface area  was good pred ic tor  of the  total d rag  force 
on volume-standardized while variation in viscous shear  forces 
b e t w e e n  t h e  s p e c i e s  w a s  n e g l i g i b l y  low . P h y l o g e n e t i c  
c o m p a r a t i v e  a n a ly s e s  r e v e a l  th e  f u n c t io n a l  p r o p e r t i e s  of 
r e c o n s t r u c t e d  a n c e s t r a l  c a r a p a c e  m o r p h o l o g i e s  a n d  
evo lu t io n a ry  r e la t io n sh ip  b e tw e e n  m e c h a n ic a l  d e fe n se  and  
hydrodynamic stability.
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